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A SPACER AND A FUEL UNIT FOR A NUCLEAR PLANT 

Technical Field of the Invention 
[0001] The present invention refers generally to a spacer for holding a number of 
fuel rods in a nuclear plant of a light water type, especially a boiling water reactor, 
BWR, or a pressure water reactor, PWR. 

[0002] More specifically, the present invention refers to a spacer for holding a 
number of elongated fuel rods intended to be located in a nuclear plant, wherein the 
spacer encloses a number of cells, which each has a longitudinal axis and is ar- 
ranged to receive a fuel rod in such a way that the fuel rod extends in parallel with 
the longitudinal axis, each cell is formed by a sleeve-like member, which has an 
upper edge and a lower edge, the sleeve-like member includes a number of elon- 
gated abutment surfaces, which project inwardly towards the longitudinal axis and 
extend substantially in parallel with the longitudinal axis for abutment to the fuel 
rod to be received in the cell, and the lower edge, seen transversely to the longitu- 
dinal axis, has a wave-like shape with wave peaks, which are aligned with a respec- 
tive one of said abutment surfaces, and wave valleys located between two adjacent 
ones of said abutment surfaces . 

[0003] The invention also refers to a fuel unit for a nuclear plant including a 
number of elongated fuel rods and a number of spacers for holding the fuel rods, 
wherein the spacers enclose a number of cells, which each has a longitudinal axis 
and is arranged to receive one of said fuel rods in such a way that the fuel rod ex- 
tends in parallel to the longitudinal axis, each cell is formed by a sleeve-like mem- 
ber, which has an upper edge and a lower edge, the sleeve-like member includes a 
number of elongated abutment surfaces, which project inwardly towards the longi- 
tudinal axis and extend substantially in parallel with the longitudinal axis for abut- 
ment to the fuel rod to be received in the cell, and the lower edge, seen transversely 
to the longitudinal axis, has a wave-like shape with wave peaks, which are aligned 
with a respective one of said abutment surfaces, and wave valleys located between 
two adjacent ones of said abutment surfaces. 
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Background of the Invention 
[0004] In a reactor for a nuclear plant of the type defined above, a large number 
of elongated fuel units are arranged in the core of the reactor. Each fuel unit in- 
cludes a number of elongated fuel rods. Each fuel rod includes an elongated clad- 
ding tube and a number of fuel pellets, which are provided in a pile in the cladding 
tube. The fuel rods in the fuel unit are maintained by means of a number of spacers, 
for instance 6-10 spacers, which are distributed along the length of the fuel unit. 
Each spacer defines cells for receiving the fuel rods. The spacers thus hold the fuel 
rods in a correct position in the fuel unit and have the function to ensure the main- 
taining of a constant mutual distance between the fuel rods during the operation of 
the reactor. 

[0005] In a boiling water reactor, the fuel rods are normally enclosed in casings, 
so called boxes. Each box includes a relatively large number of fuel rods and forms 
together with these fuel rods a so-called fuel assembly, which can be lifted into and 
out of the core of the reactor. Each fuel assembly may include one or several fuel 
units. JP-7225291 discloses a fuel assembly having one such fuel unit. US-A- 
5,875,223 discloses a fuel assembly having four such fuel units. 
[0006] The core is submerged in a coolant, normally water, which functions both 
as coolant and as moderator. The fuel units and fuel rods are normally provided 
substantially vertically in the reactor. The coolant normally flows from below and 
upwardly. It is important to maintain a proper cooling of the fuel rods in the reac- 
tor. In a boiling water reactor it is especially critical to obtain a proper cooling in 
the upper part of the fuel rods where a significant part of the coolant (water) has 
been converted to steam. In the upper part of the fuel assembly, the coolant thus 
prevails in a two-phase state, wherein the liquid state partly flows as a film on the 
different parts of the fuel assembly, inter alia the surfaces of the fuel rods, the 
spacers and the inner side of the casing, and partly as droplets in the steam flow. If 
the coolant film on the surfaces of the fuel rods is not maintained an isolating 
steam layer is formed on the fuel rod leading to a quick temperature increase, so 
called dry-out, which can lead to defects of the cladding tubes. 
[0007] The design of the spacers influences the flowing of the coolant and thus 
the cooling of the fuel rods. It is known to provide the spacers with deflection 
members provided for deflecting the coolant towards the fuel rods. Such deflecting 
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members have the disadvantage that they, if they are used to a too large extent, re- 
sult in a substantial increase of the pressure drop coefficient of the spacer. The per- 
centage of steam is highest in the upper part of the fuel assembly. Due to the high 
percentage steam in the upper part of the fuel assembly, the pressure drop fre- 
quently is higher in this part than in the lower part of the fuel assembly. The larger 
the difference in pressure drop between the upper part of the fuel assembly and 
lower part, the higher the risk that the core becomes unstable. In order to give the 
fuel assembly proper stability properties, it is aimed at a low-pressure drop in the 
upper part of the fuel assembly. 

[0008] There are spacers of a plurality of different types, for instance spacers 
formed by crossing sheets, spacers where the cells are formed by open elements 
having support points and spring members and spacers formed by sleeve-like mem- 
bers welded together. The spacers used today are normally manufactured of zirco- 
nium-based alloys (Zircaloy), nickel-based alloys (Inconel), combinations of these 
alloys or stainless steel. The present invention refers to a spacer formed by sleeve- 
like members. 

[00091 A spacer of the kind initially defined is disclosed in US-A-5,875,223. The 
known spacer thus includes welded sleeves forming the cells mentioned above. 
Each of the sleeves has a lower edge and an upper edge. The upper edge is parallel 
to a plane whereas the lower edge has a wave-shape with wave peaks and wave val- 
leys. The purpose of this design of the lower edge is to prevent possible debris par- 
ticles in the coolant from getting caught in the spacer, and thus to reduce the wear 
of the fuel rods. 

[0010] JP-6- 148370 discloses a sleeve spacer for a boiling water reactor. Each 
sleeve has inwardly directed projections for abutting the fuel rod extending through 
the sleeve. The projections extend merely over a small part of the length of the 
sleeve. Each sleeve is also according to one example at the lower end provided 
with a bevel. According to another example, each sleeve has a wave shape at the 
lower end of the sleeve. 

[0011] JP-7-225291 discloses another sleeve spacer for a boiling water reactor. 
The circular cylindrical sleeves are here provided with an upper, downstream end, 
which has triangular or rectangular projections extending upwardly. The lower end 
of the sleeve appears to be straight. Each sleeve may also include inwardly directed 
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projections, which extend over merely a part of the length of the sleeve for abutting 
the fuel rod extending through the sleeve. 

|0012] US-5, 33 1,679 discloses a further variant of a sleeve spacer having sub- 
stantially circular cylindrical sleeves. The spacer is kept together by means of a 
band extending around the outer periphery of the spacer. Each sleeve has relatively 
short inwardly directed projections, which together with a spring element form 
abutment points against the fuel rod extending through the sleeve. Both the lower 
edge and the upper edge may according to one embodiment have a wave-like shape 
with wave peaks and wave valleys. The wave peaks of the upper edge appear to be 
aligned to a respective wave valley of the lower edge. 

[0013] When designing a spacer consideration has to be taken to a plurality of 
different requirements, which at least partly are contradictory. 

1) The spacer shall be sufficiently mechanically strong to reduce the 
bending and vibration of the fuel rods and to resist large thermal and hydraulic 
forces also at dimensioning events such as plant accidents and earthquakes. 

2) The spacer has to be able to resist axial and radial dimension changes 
of the fuel rods. 

3) The spacer has to give sufficient abutment surface to the fuel rods for 
minimising local wear and the risk for defects of the fuel rods. 

4) The spacer shall be provided with a minimal amount of material for 
minimising the neutron absorption. 

5) The spacer shall be designed to give a minimal flow resistance and 
thus a small pressure drop. 

6) The spacer shall be designed in such a way that possible debris parti- 
cles in the coolant do not get caught in the spacer in such a way that these debris 
particles can subject the fuel rods to wear. 

7) The spacer shall be designed in such a way that it provides a proper 
cooling of the fuel rods through a suitable mixing of the coolant. 

8) The spacer shall be manufactured in a relatively easy and inexpensive 
manner. 
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Summary of the Invention 
[0014] The object of the present invention is to provide a spacer, which has a 
mechanical strength for reducing the bending and the vibration of the fuel rods, and 
for resisting large thermal and hydraulic forces, and which withstand axial and ra- 
dial dimension changes of the fuel rods. 

[0015] A further object is to provide a spacer having a large abutment surface 
against the fuel rods for minimising local wear and risk for defects on the fuel rods. 
[00161 A further object is to provide a spacer requiring a small amount of mate- 
rial in order to minimise the neutron absorption. 

[0017] A further object is to provide a spacer giving a low flow-resistance. 
[0018] A further object is to provide a spacer, which ensures a proper cooling of 
the fuel rods. 

[0019] The purpose is achieved by the spacer initially defined, which is charac- 
terised in that the upper edge, seen transversely to the longitudinal axis, has a 
wave-like shape with wave peaks, which are aligned with a respective one of said 
abutment surfaces, and with wave valleys located between two adjacent ones of 
said abutment surfaces. 

[0020] In such a spacer, the sleeve-like members thus have abutment surfaces, 
which have a long axial extension that ensures a long abutment line against the fuel 
rod extending through the sleeve-like member. The abutment line is especially long 
in relation to the length and weight of the sleeve-like member. By such a long 
abutment a small wear of the cladding tube of the fuel rod is achieved. Further- 
more, each such sleeve-like member has, on each side of each abutment surface, 
i.e. at the wave valleys, a significantly shorter extension than at the abutment sur- 
faces and the wave peaks, wherein the abutment surfaces advantageously extend 
from the upper edge to the lower edge of substantially each sleeve-like member. In 
addition, by such a design a flexibility of the sleeve-like member is obtained in 
such a way that the latter at the abutment surfaces may move radially inwardly and 
outwardly and at the same time the abutment surfaces are permitted to rotate 
around a centre point in a radial plane. The sleeve-like member thus permits a cer- 
tain inclination of fuel rod. Consequently, a uniform abutment against a fuel rod is 
achieved along the whole length of the abutment surface also at a bending out- 
wardly of the fuel rod or at other axial and/or radial dimension changes of the fuel 
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rod. The wave-like shape at the lower edge also reduces the risk for possible debris 
particles to get clogged in the spacer and to wear against the fuel rod. 
[0021] According to an embodiment of the invention, each sleeve-like member 
includes at least four of said abutment surfaces. 

[0022] According to a further embodiment of the invention each of said abutment 
surfaces is formed by a respective ridge projecting inwardly towards the longitudi- 
nal axis. 

[0023] According to a further embodiment of the invention, the sleeve-like mem- 
bers abut each other in the spacer along a connection area extending in parallel to 
the longitudinal axis between one of said wave valleys of the upper edge and one of 
said wave valleys of the lower edge. Advantageously, the sleeve-like members may 
also be permanently connected to each other by means of weld joints, wherein said 
weld joint may include an edge weld at said connection area at at least one of the 
upper edge and the lower edge. 

[0024] According to a further embodiment of the invention, substantially each 
sleeve-like member is manufactured from a sheet-shaped material, which is bent to 
the sleeve-like shape. Such a sheet-shaped material, for instance in the form of a 
band, may in an easy manner be worked and given a desired shape along the upper 
edge and the lower edge. After such a shaping, the sheet-shaped material may be 
bent to the sleeve-like shape. Advantageously, the sheet-shaped material may, be- 
fore said bending, have a first connection portion in the proximity of a first end of 

« 

the sheet-shaped material and a second connection portion in the proximity of a 
second end of the sheet-shaped material, wherein the first end overlaps the second 
end of the sleeve-like member after said bending. The first connection portion and 
the second connection portion are preferably permanently joined to each other by 
means of one weld joint, for instance at least one spot weld. 

[0025] According to a further embodiment of the invention, substantially each 
sleeve-like member is manufactured from a tubular material, which is worked to 
the wave-like shape of the upper edge and the lower edge. According to this em- 
bodiment, it is thus started in a more conventional manner from a tubular material, 
which is cut to suitable lengths, wherein the upper edge and the lower edge are 
worked to a suitable shape. 
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[0026] According to a further embodiment of the invention, the sleeve-like mem- 
ber, seen in the direction of the longitudinal axis, has four substantially orthogonal 
long sides, wherein each long side includes one of said abutment surfaces. Such 
long sides provide a suitable elasticity of the sleeve-like member and especially of 
the abutment surfaces to abut the fuel rod. Each long side may then include one of 
said wave peaks of the upper edge and one of said wave peaks of the lower edge. 
Furthermore, the sleeve-like member, seen in the direction of the longitudinal axis, 
advantageously has four substantially orthogonal short sides, wherein each short 
side connects two of said long sides and includes with a portion of one of said 
wave valleys of the upper edge and a portion of one of said wave valleys of the 
lower edge. Said edge portion may be substantially straight and perpendicular to 
the longitudinal axis, and is thus suitable for being welded with a corresponding 
portion of an adjacent sleeve-like member. 

10027] According to a further embodiment of the invention, the sleeve-like mem- 
ber has a thickness of material, which is less than 0.24 mm, preferably less than or 
equal to 0.20, and more preferably less than or equal to 0.18 mm. By such a thin 
thickness of material, two substantial advantages are achieved, namely a small 
amount of material of the spacer, which gives a low neutron absorption, and a low 
flow resistance through the spacer, which contributes to a low pressure drop in the 
reactor. A thin thickness of material also contributes to the achievement of the 
above mentioned flexibility of the sleeve-like member and to make the sleeve-like 
member less rigid, which facilitates the introduction of the fuel rods when the fuel 
unit is mounted. 

[0028] The nuclear plant is arranged to permit re-circulation of a coolant flow 
and the spacer is arranged to be located in this coolant flow, wherein the spacer 
according to a further embodiment of the invention may include at least one vane 
for influencing the coolant flow. Such an influence may include guiding of a cool- 
ant flow in a direction towards at least one adjacent fuel rod and/or creating turbu- 
lence in the coolant flow. In such a way, a proper cooling is ensured and dry-out 
prevented. Advantageously, said vane is formed by portion of material, which ex- 
tends from the first connection portion. Such a vane may in an easy manner be pro- 
vided in connection with the manufacturing of the sleeve-like member and the 
shaping of the sheet-shaped material to be bent to the sleeve-like member. In con- 
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nection with this bending operation, also the vane may be bent to a suitable angle. 
The sleeve-like member may, however, also include a slit, which extends from at 
least one of the upper and lower edges and which permits bending outwardly of a 
part of the sleeve-like member for forming said vane. Advantageously, said vane is 
inclined in relation to the longitudinal axis. Furthermore, said vane may suitably 
extend outwardly from one of said long sides. 

[0029] According to a further embodiment of the invention, the spacer, seen in 
the direction of the longitudinal axis, has a substantially rectangular shape and in- 
cludes at least two separate outer edge elements, which extend along a respective 
side of the space. Such edge elements contribute to an increased strength of the 
spacer and to hold the sleeve-like members together. The edge elements may also 
advantageously provide surfaces arranged to facilitate the introduction of the fuel 
unit in the initially mentioned casing and to create a hydraulic damping to the inner 
wall of the casing during operation of the plant. 

[0030] According to a further embodiment of the invention, one of said four cor- 
ners is reduced by the lack of an outer sleeve-like member, wherein the spacer in- 
cludes a separate inner edge element extending along two of said sides and along 
said reduced corner. The inner edge element may then include a vane, which is lo- 
cated at said reduced corner and which slopes upwardly and inwardly towards a 
centre of the spacer. 

[0031] The object is also achieved by the fuel unit initially defined, which is 
characterised in that the upper edge, seen transversely to longitudinal axis, has a 
wave-like shape with wave peaks, which are aligned with a respective one of said 
abutment surfaces, and with wave valleys located between two adjacent ones of 
said abutment surfaces. 

Brief Description of the Drawings 
[0032] The present invention is now to be explained more closely by means of 
various embodiments and with reference to the drawings attached hereto. 
[0033] Fig. 1 discloses schematically a nuclear plant. 

[0034] Fig. 2 discloses schematically a fuel assembly for a boiling water reactor 
and with four fuel units. 
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|0035| Fig.3 discloses schematically a fuel assembly for a pressure water reactor 
and with one fuel unit. 

|0036| Fig. 4 discloses a side view of a spacer for a fuel unit. 

10037] Fig. 5 discloses a view from above of the spacer in Fig. 4. 

[0038] Fig. 6 discloses a side view of a sleeve-like member of the spacer in Fig. 

4. 

10039] Fig. 7 discloses a view form above of the sleeve-like member in Fig. 6. 
10040] Fig. 8 discloses a side view of a sheet-shaped material for forming the 
sleeve-like member in Fig. 6. 

[0041] Fig. 9 discloses a view from above of sheet-shaped material in Fig. 8. 
[0042] Fig 10 discloses a side view of an outer edge element of the spacer in Fig. 
4. 

[0043] Fig. 1 1 discloses a view from above of the outer edge element in Fig. 10. 
[0044] Fig. 12 discloses a side view of an inner edge element of the spacer in 
Fig. 4. 

|0045] Fig. 13 discloses a view from above of the inner edge element in Fig. 12. 

Detailed Description of Various Embodiments of the Invention 
[0046] Fig. 1 discloses schematically a nuclear plant including a reactor 1. The 
reactor 1 includes a reactor vessel 2 enclosing a core. The core 3 includes a number 
of fuel assemblies 4, which each includes a number of fuel rods 5, see Figs. 2 and 
3. Each fuel rod 5 includes a cladding tube and a nuclear fuel in the form of a pile 
with fuel pellets (not disclosed), which are enclosed in the cladding tube. Through 
the nuclear plant a coolant, in this case water, is flowing, which is heated by the 
nuclear reaction in the nuclear fuel. The coolant flows through the core 3 and into 
each fuel assembly 4 in contact with each fuel rod 5. The heated coolant is con- 
veyed via a first connection 10 to a plant 1 1 for obtaining heat energy from the 
coolant. The plant I 1 may include a turbine and a condenser. The cooled coolant is 
conveyed back to the reactor via a second connection 12. The reactor 1 may be of a 
boiling water type, BWR, wherein the coolant is vaporised in the core 3 and con- 
veyed to the plant 1 1 as steam for driving a steam turbine. The reactor 1 may also 
be of a pressure water type, PWR, wherein the coolant is not vaporised but con- 
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veyed to a heat exchanger of the plant 1 1 for vaporising a medium in another cir- 
cuit including a turbine. 

[0047] Fig. 2 discloses schematically a fuel assembly 4 for a boiling water reac- 
tor. In the embodiment disclosed, the fuel assembly 4 includes four fuel units 20, 
which each includes a plurality of fuel rods 5 and is located in a respective space in 
a box 21. Between these spaces and the four fuel units 20 coolant channels extend. 
Each fuel unit 20 is kept together by means of a number of spacers 30, for instance 
six to ten spacers 30. A fuel assembly 4 with this principle design is disclosed in 
the initially mentioned document US-A-5,875,223. 

[0048] Fig. 3 discloses schematically a fuel assembly 4 for a pressure water reac- 
tor. The fuel assembly 4 includes a fuel unit 20, which includes a plurality of fuel 
rods 5. The fuel assembly 4 normally includes an upper tie plate 25, a lower tie 
plate 26 and a number of guide tubes 27, which extend between and connect the tie 
plates 25 and 26 and which may be arranged to receive a control rod (not dis- 
closed). The fuel rods 5 in the fuel unit 20 are kept together by means of a number 
of spacers 30, for instance six to eight spacers 30. The fuel unit 20 is also con- 
nected to the guide tubes 27 via the spacers 30 in a manner known per se. 
(00491 The design and the manufacturing of the spacers 30 is now to be ex- 
plained more closely with reference to Figs. 4-13. In the embodiment disclosed in 
Figs. 4-13, the spacers 30 are intended for a fuel assembly 4 for a reactor 1 of a 
boiling water type and including four fuel units 20. However, it is to be noted that 
the invention also is applicable to fuel assemblies intended for boiling water reac- 
tors and including another number than four fuel units, for instance one fuel unit. 
The invention is also applicable to fuel assemblies 4 for reactors 1 of pressure wa- 
ter type, see Fig. 3. 

|0050] The spacer 30 encloses a number of cells 31, which each has a longitudi- 
nal axis x, see Fig. 6, which is intended to extend substantially vertically when the 
fuel unit 20 is located in a reactor 1. Each such cell 31 is in the embodiment dis- 
closed arranged to receive a fuel rod 5 in such a way that the fuel rod 5 extends in 
parallel with the longitudinal axis x. 

[0051] Each cell 31 is formed by a sleeve-like member 32, see Figs. 6-9, which 
has an upper edge 33 and a lower edge 34. The sleeve-like member 32 also includes 
four elongated abutment surfaces which are adapted to abut the fuel rod 5 extend- 
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ing through the cell 31. These abutment surfaces may be designed in various ways, 
for instance as substantially plane surfaces or curve surfaces, e.g. ridges 35. In the 
embodiments disclosed, the abutment surfaces are formed by four such elongated 
ridges 35 projecting inwardly towards the longitudinal axis x and to the fuel rod 5 
extending through the cell 31. Each ridge 35 extends substantially in parallel with 
the longitudinal axis x along substantially the whole length of the sleeve-like mem- 
ber 32 from the upper edge 33 to the lower edge 34. Thanks to the fact that the 
ridges 35 project towards the fuel rod a relatively wide gap is created between the 
fuel rod 5 and the sleeve-like member in the proximity of the ridges 35. In such a 
way a proper cooling is ensured. 

[0052] The upper edge 33 and the lower edge 34 have, seen transversely to the 
longitudinal axis x, a wave-like shape with wave peaks 38 and wave valleys 37. 
The wave peaks 36 of the upper edge 33 are aligned with a respective wave peak 36 
of the lower edge 34 and with a respective one of the ridges 35. The wave valleys 
37 of the upper edge 33 are aligned with a respective wave valley 37 of the lower 
edge. The wave valleys 37 are located between two adjacent ridges 35. 
[0053] Each sleeve-like member 32 has, seen in the longitudinal direction of the 
axis X, four substantially orthogonal long sides 40, which each includes one of the 
ridges 35. Each long side 40 thus also includes one of the wave peaks 36 of the up- 
per edge 33 and one of the wave peaks 36 of the lower edge 34. Furthermore, each, 
sleeve-like member 32 has, seen in direction of the longitudinal axis x, four sub- 
stantially orthogonal short sides 41. Each short side 41 connects two of the long 
sides 40. Each sleeve-like member 32 thus has, seen in the direction of the longitu- 
dinal axis x, an octagonal basic shape, see Fig. 7. However, it is to be noted that 
this basic shape may vary, for instance the sleeve-like members 32 may have a 
more circular cylindrical shape or a more square shape. Each short side 41 includes 
a portion of one of the wave valleys 37 of the upper edge 33 and a portion of one of 
the wave valleys 37 of the lower edge 34. These portions are substantially straight 
and perpendicular to the longitudinal axis x. 

[0054] The sleeve-like members 32 abut, as appears from Fig. 5, each other in 
the spacer 30 along a connection area formed by the short sides 41 of two adjacent 
sleeve-like members 34. This connection area thus extends in parallel to the longi- 
tudinal axis X between the above-mentioned portion of one of wave valleys 37 of 



SUBSTITUTE SPECIFICATION 



12 

the upper edges 33 and the above-mentioned portion of one the wave valleys 37 of 
the lower edges 34. Furthermore, the sleeve-like members 32 are permanently con- 
nected to each other by means of weld joints. Each such weld joint includes an 
edge weld at said connection area at at least one of the upper edge 33 and the lower 
edge 34. Preferably one such edge weld is provided both at the upper edge 33 and 
the lower edge 34. Since the edge welds in this case are located at the opposite 
wave valleys 37 they will be relatively close to each other which is advantageous 
from a strength point of view. The substantially straight portions are suitable for 
the application of such edge welds. 

[0055] The spacer 30 has, seen in the direction of the longitudinal axis x, a sub- 
stantially square shape, see Fig. 5. The spacer 30 includes at least two separate 
outer edge elements 50, which extend along a respective side of the spacer 30. One 
such outer edge element 50 is disclosed more closely in Figs. 1 0 and 1 1 . The spacer 
30 also includes a separate outer edge element 51, which extends along two of the 
sides of the spacer 30. The inner edge element 51 is disclosed more closely in Figs. 
12 and 13. The edge elements 50, 51 thus create a non-closed or open frame con- 
tributing to the strength of the spacer 30 and providing outer surfaces 52 of the 
spacer 30. These outer surfaces 52 facilitate the introduction of the fuel unit 20 into 
the box 21 and create a hydraulic damping to the inner wall of the box 21 . Thanks 
to the fact that the frame is open in three corners, the sleeve-like members 32 in 
these corners are permitted to move elastically outwardly. As is clear from Fig. 4, 
the edge elements 50, 51 have a longer extension in a vertical direction, i.e. in par- 
allel with the longitudinal axis x, than the sleeve-like members 32. In particular, 
the edge elements 50, 51 extend a significant distance above the upper ends of the 
sleeve-like members 32, which is located at the level of the wave peaks 36. 
[0056] As is clear from Fig. 5, one of the four corners of the spacer 30 is reduced 
through the lack of one outer sleeve-like member 32. The purpose of this reduction 
is to create space for a central water channel through the box 21. The inner edge 
element 51 extends around the reduced corner. The inner edge element 51 thus is 
turned inwardly in the box 21 to the central water channel. The inner edge element 
51 also includes a vane 53, which is located at said reduced corner and which is 
inclined upwardly and inwardly to a centre of the spacer 30. 
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[0057] The sleeve-like members 32 are manufactured in a nickel-based alloy 
such as Alloy X-750, Alloy 718, Alloy 650, Alloy 690 or Alloy 600. The sleeve- 
like members 32 may also be manufactured in a zirconium-based alloy, such as 
various types of Zircaloy alloys, in stainless steel or in combinations of these al- 
loys. An important aspect is however that the sleeve-like members 32 are to have a 
small thickness of material, which is less than 0.24 mm, less than or equal to 0.20 
mm or less than or equal to 0.18 mm. 

[0058] According to a first alternative the sleeve-like member 32 is manufac- 
tured in a sheet-shaped material in the form of a sheet band 60, see Figs. 8 and 9. 
The sheet band 60 has the thickness of material mentioned above. During the 
manufacturing a sheet is worked to the sheet band 60 with the shape disclosed in 
Figs. 8 and 9, for instance by means of punching. The sheet band 60 is then bent to 
the sleeve-like shape. The sheet band 60 has before this bending a first connection 
portion 61 in the proximity of a first end of the sheet band 60 and a second connec- 
tion portion 62 in the proximity of the second end of the sheet band 60. The sheet 
band 60 is bent in such a way that, after the bending, the first connection portion 
61 overlaps the second connection portion 62. After the bending, the connection 
portions 61 and 62 are connected to each other through the application of a weld 
joint, for instance in the form of two spot welds 63, which extend through the two 
portions 61 and 62, see Fig. 6. Since the sheet band 60 has a small thickness of ma- 
terial, the above-mentioned overlap may be permitted with the maintenance of a 
total small amount of material of the sleeve-like member 32 and without any nega- 
tive effect on the flow resistance. The manufacturing of the sleeve-like member 32 
is with this method very easy and the upper and lower edges 33, 34 may in an easy 
manner be given the disclosed wave-like shape. A further advantage is that the size 
of sleeve-like member 32 with regard to the outer diameter seen in the direction of 
the longitudinal axis x may vary in an easy manner. This is essential since the 
sleeve-like members 32 in a spacer normally include sleeve-like members 32 with 
different diameters. 

[0059J During the manufacturing of the spacer, the different sheet bands 60 are 
thus bent in the manner described above. Advantageously, the individual bent sheet 
bands 60 are welded by means of the above-mentioned spot weld or spot welds 63 
for keeping the sleeve-like members 32 together during the mounting of the spacer 



SUBSTITUTE SPECIFICATION 



14 

30 proper. However, it is possible to replace this or these spot welds 63 with a 
more or less temporary connection during the mounting of the spacer 30 proper, for 
instance brazing. The sleeve-like members 32 are then positioned in a fixture of the 
like in the position it is to have in the spacer 30. Thereafter, the sleeve-like mem- 
bers 32 are welded together by means of the above-mentioned edge welds along 
said portions of the wave valleys 37. The edge welds may advantageously be per- 
formed as melt welds by means of laser welding or electron-beam welding. 
[0060] It is also possible to position the bent sheet bands 60 directly in a fixture 
which keeps these during the welding by means of the above-mentioned edge 
welds, i.e. without any joining of the end portions 61, 62 of the sheet bands 60. 
[0061] The edge elements 50, 51 may then be positioned against the sleeve-like 
members 32 in the above-mentioned fixture or the like and welded to the sleeve- 
like members 32 in connection with the application of said edge welds. It is also 
possible to apply and weld the edge elements 50, 51 firstly after the sleeve-like 
members 32 have been welded to each other. 

[0062] According to a second alternative, the sleeve-like member 32 is manufac- 
tured from a tubular material having the above-mentioned thickness of material. 
The tubular material may be cut to a suitable size whereafter the upper edge 33 and 
the lower edge 34 are worked to the wave-like shaped disclosed. The disclosed 
ridges may be obtained through a pressing operation or be provided on the original 
tubular material. 

[0063] At least some of the spacers 30 in the fuel unit 20 include one or several 
vanes 70 for influencing the coolant flow. With such a vane 70, the coolant may for 
instance be guided in a direction towards at least one adjacent fuel rod 5. With such 
a vane 70, turbulence in the coolant flow may also be created. Advantageously, 
such a vane 70 is formed by a portion 64 of material, which extends from the first 
connection portion 61, see Fig. 8. Such a vane 70 may be manufactured in an easy 
manner through a bending outwardly of the portion of material 64 outside the first 
connection portion 61 along a folding line 71 in such a way that the vane 70 ex- 
tends outwardly form one of the long sides 40 and is inclined in relation to the lon- 
gitudinal axis x. 

10064] According to another embodiment, the sleeve-like member 32 may in- 
clude a slit 72, which extends from the upper edge 33 and/or the lower edge 34, see 
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Fig. 8. The slit 71 permits bending outwardly of a part of a sheet band 60 or the 
tubular material for forming of the vane 70, see also WO02/03394, which discloses 
how such a vane 70 may be provided. 

[0065] The invention is not limited to the embodiments disclosed but may be 
varied and modified within the scope of the following claims. For instance it is to 
be noted that the wave shape defined may include all imaginable wave shapes, such 
as a pure sinus wave, a square wave, a triangular wave and mixtures of these 
shapes. 
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